Introduction
Oil palm is the perennial oil crops which gives the high yield production and can be cultivated in the tropical region such as Indonesia, Malaysia, Thailand, Nigeria, etc. It is originated from West Africa. In 1968, it came to Thailand after the successful of planting in Malaysia [1] . As the prominent of high yield, low cultivation costs, and simply maintenance, these lead to result in expansion of oil palm's cultivation area. Oil palm has the high impact opportunities of producing renewable energy, because its yield is higher than the other oil crops (i.e. soybean and rapeseed oil) as much as 4 times [2] .
Due to the rapid increase in crude oil prices during recent decades, it leads an increased use of biodiesel which mostly produced from palm oil. As this result, fresh fruit bunches (FFB) prices per ton have been raised from $78.88 USD to $162.05 USD or increased by 105% during 2006-2012 as represented in Table 1 . In addition, it also indicates the data of global crude oil prices which have been raised from $66.25 USD/barrel to $94.15 USD/barrel or increased by 42%. Both of them have the similar pattern and trend. Notice that, in 2009, FFB prices have also been dropped as the falling of global crude oil prices [3] [4] [5] .
According to Table 1 , the increase of FFB prices has encouraged the farmers to expand their farmland. In 2012, oil palm plantation areas in Thailand are accounted for 680,676 hectares (ha) which increased approximately 160% in 13 years during 2000-2012 [6] . Since 2005, the local biodiesel has been launched in Thailand. The consumption of biodiesel has gradually increased. Also, there are various oil crops in Thailand, i.e. peanut, soybean, and oil palm. The reports of OAE have been evaluated the revenue of major oil crops production during 2006-2012 [3, 7, 6] . It can be summarized that oil palm provides the higher revenues than soybean which are between 2.84 to 12.10 times (see Table 2 ). Similarly, it has the higher revenues than peanut which are between 2.16 to 35.13 times. As these results, they can be concluded that oil palm can generate higher incomes for smallholders. In Thailand, oil palm cultivation should be encouraged by the government. Therefore, Alternative Energy Development Plan: AEDP 2012-2021 has been established concerning with the expansion of oil palm planted areas, productivity improvement and increasing oil yield of Fresh Fruit Bunches (FFB) [8] . However, predicting of crude palm oil (CPO) consumption and production in Thailand for preparing the appropriate planted areas have not been proposed. Therefore, the objective of this paper is to predict the future demand and production of palm oil for preparing and exploring the planted areas. Moreover, evaluation the feasibility of oil palm plantation with the economical and environmental aspect is also proposed.
Research Methods
Fatimah and Ghaffar [9] have proposed the model of forecasting palm oil price in Malaysia. They have analyzed the difference between forecast and actual palm oil price in 1984. The results show that the error of forecast data from actual data is approximately 9.7%. [9] . In Thailand, it also has the research that forecast oil palm prices. However, it only proposed the model to calculate the palm oil price, the comparison between actual and forecast prices has not been carried out [10] . Many researchers have studied the forecasting models for predicting the future data. The exponential smoothing model is used to examine hourly and daily patterns in hourly data for both utility loads and traffic flows. [11] . Newinpun et al [12] have proposed that exponential smoothing Holt-Winter method is appropriate for estimating peak electric energy demand in the center region of Thailand. Linear Exponential Smoothing was uncovered to become the best model for production planning of metal powder and plastic bearing parts [13] . Exponential growth model has been used for forecasting the population growth [14, 15] . In addition, decision supporting system of business marketing also used the exponential growth [16] .
As mentioned above, exponential model has been used in several researches. In this study, also, has employed exponential growth model for predicting the future data. Forecasting production and consumption palm oil in Thailand is still not performed. For promoting the sustainable palm oil production, the relevant factors should be considered. Therefore, the historical data of palm oil production in the world and Thailand are evaluated. After that, forecasting production and consumption in Thailand has been performed. Then, estimating the required planted areas has been proposed for exploring the available areas with the simplified equation. Although, there is the research studying the Equation of Oil Palm Plantation Areas in Thailand, but it considers the different factors which is complicated [17] . The framework of this study has been illustrated in Figure 1 . Its detailed has been described as follows.
Forecasting models
The information of USDA Foreign Agricultural Service in Figure 2 shows the data of palm oil production and domestic consumption in Thailand. It shows the rapid growth of the production and domestic consumption by 29% and 22% per year from 1992 to 2012, respectively [18] . Quantity of palm oil production is higher than domestic consumption, because the excess quantity must be reserved as stocks and export abroad. As the Alternative Energy Development Plan: AEDP 2012-2021, we have forecasted the production and domestic consumption rate of palm oil in the next 5 years by comparing with the ADEP plan. The statistics of production and domestic consumption quantity from 1992-2012 have been used as based data for forecasting. Five steps of this procedure can be explained as follows.
Analyzing the historical data of palm oil production
Presently, the world palm oil production has reached 55,308 x103 tones in 2012 increasing 3.26 times from 1992 (see Table 3 ). Palm oil production of the major producing countries; Indonesia, Malaysia, and Thailand are represented in Table 3 [18] . In 2012, the proportion production of the three major producing countries is 51.5%, 34.4% and 3.6% of total production, respectively. Production of Indonesia and Malaysia is drastically higher than Thailand, due to the appropriate climate and available areas. According to Table 3 , in Thailand, it can be concluded that there is an increased of palm oil production. [19] . However, the average rate of annual palm oil production in Thailand increased approximately 35% per year during 1992-2012.
Analyzing the consumption and production of palm oil in Thailand
Data consumption in Thailand during 1992-2012 have been analyzed and compared with palm oil production. They have been expressed in Figure 2 . After 2009, the palm oil production is significantly higher than the consumption by 20.85% in 2012. This result comes from the rising of petroleum price since 2009 and leads to the higher consumption and production of palm oil [20] . Notice that, flooding situation in 2011 has an effect on the steady consumption of palm oil during 2011-2012.
Planning for palm oil production along with considering its consumption and planted areas expansion should be concerned. Figure 3 shows the CPO production which has an increasing trend along with the planted areas expansion. The increased rate of production is higher than that of planted areas which CPO production and planted areas increased by 245%, 160% during 2000-2012. The planted areas are slowly increased during 2009-2012, due to the remaining areas in Thailand. Therefore, predicting the production and demand of palm oil in the next period for preparing the appropriate planted areas should be performed.
Selecting the three simple forecasting methods
The forecasting model which appropriates with the historical data has been selected. Due to the trend of consumption and production crude palm oil, we have used trend analysis of time series forecasting techniques for predicting palm oil production and consumption in Thailand. In this paper, the simple methods are used [21] . They consist of 3 methods which are linear trend, quadratic trend, and exponential growth model.
Fitting the forecasting models to the data
Three forecasting models have been used to fit the data pattern which is illustrated as follows.
A. Linear Trend Model
With historical data trend, the linear trend model has been used to forecast the future consumption demand and production of crude palm oil in Thailand from 2013 to 2021. The equation of this model is expressed in Equation (1).
Where Y t = forecast value at period t, a = the sample Y-axis intercept, b = slope of sample, and t = the period number.
B. Quadratic Trend Model
In addition to linear trend model, quadratic trend model is one of the simple methods for forecasting trend patterns which can be expressed as Equation (2).
Where Y t = forecast value at period t, a = the sample Y-axis intercept, c 1 and c 2 = coefficient of linear and quadratic, and t = the period number.
C. Exponential Growth Model
This is also one of the simple methods for forecasting trend patterns which represented as Equation (3). Where Y t = forecasted value at period t, a = the sample Y-axis intercept, d = estimated annual growth rate, and t = the period number.
Selecting the appropriate model
As these models, program MINITAB 16.0 has been used to determine the future demand and production palm oil in Thailand and also calculate the required plantation areas of oil palm. The results of these models have been illustrated in section 3.
Relevant factors of palm oil production
In addition to considering palm oil demand, the other relevant factors for sustainable palm oil production should be concerned. They can be described as follows.
Plantation Cost: In addition to the importance of forecasting palm oil demand and production, the plantation costs are also critical factors. The statistics of plantation cost of oil palm have been shown in Table 4 . By 2012, variable cost is 1439.08 $ USD/ha which accounts for 83% of total cost, it leads a high impact on oil palm plantation costs. Therefore, techniques for reducing the variable cost should be investigated [22] . Figure 4 . It is clear that the farming is profitable whenever the total cost is less than the selling price. In 2012, the profit of farming is $60 USD/ton of FFB. Although, Fresh Fruit Bunches (FFB) price seem to be increased, but trend of profit is slightly increased. Furthermore, the total cost of oil palm plantation has been increased year by year. In the future, the competition of reducing price may be more serious when AEC is coming in 2015. Therefore, if the selling price of FFB unable to be increased and the total cost are also increased, the farmers may be loss. Considering these factors, the Malaysia Government has established the agency: the Federal Land Development Authority (FELDA) for gathering the smallholder farmers into the estate of an economic size and providing management and infrastructural inputs to the estate. For overcoming the lack of economies of scale, FELDA's management of smallholders' areas has enabled the resettlement of some 100,000 families who were landless and living below the poverty level. FELDA is today the world's largest single plantation company with a combined oil palm area exceeding 600,000 hectares and an annual revenue exceeding US$2 billion. With a proven track record, its work is recognized by other developing nations as a model for poverty reduction [23] . For achieving the sustainable plantings of oil palm, Thailand should accommodate the FELDA model to Thai smallholders.
Results

Forecast production and demand of palm oil
After fitting data with the simple forecasting methods, the results have been described as follows. Based on Equation (1) for forecasting production data, with a = -46.94, b = 83.78, and t = 1, 2,…, 26 that can be expressed as Equation (4) . Similarly, forecasting consumption have been carried out based on Equation (1), 
Next, Equation (2) of quadratic model is used to calculate forecast data of production and consumption palm oil as expressed in Equation (6) and (7), respectively. Where a = 322.35, c 1 and c 2 = -14.04 and 3.63, respectively. Equation (3) of exponential growth model is also used to calculate forecast data of production and consumption palm oil as expressed in Equation (8) and (9) . 
Where a = 227.
The accuracy measures of forecasting model in this paper have considered the minimum forecasting errors which are MAPE (Mean Absolute Percentage Error), MAE (Mean Absolute Error), and MSE (Mean Square Error) [21, 24, 25] . They are defined in Equation (10), (11) , and (12) where Y a = observation data and Y t = forecast data at t period. The performance error of forecast data as indicated in Table 5 shows that MAPE, MAE, and MSE of the exponential growth model are lower than the others, especially the MAPE value is approximately 10%. These results indicate that exponential growth model is the appropriate model for forecasting the future production and consumption palm oil [26, 27] . The forecast production data of exponential growth model is shown in Table 6 . It is projected over the next 5 years (within 2017). The increasing of forecast production is approximately 11.13% during 2013-2017. In addition to considering forecast of production, the forecast consumption is also analyzed. Table 7 describes forecast consumption which is approximately increased 9.85% during 2013-2017.
As the results, the graph of forecast production and demand has been illustrated in Figure 5 . In 1992-2012, the average rate of actual production and consumption palm oil increased by 35% and 29% per year. The predicted data of production and consumption show that the average rate is increased by 11.13% and 9.85% per year in 2013-2017. The data still show the growth rate, although they are not as high as the previous period. As these effects, because there are the restriction of remaining areas for cultivating oil palms. Comparing the quantity of forecast production and consumption data, the forecast production data are higher than forecast consumption data (see Table 8 ). The average value is 23.69% which can be reserved as yearly ending stock. The higher quantity can be produced diesel fuels containing greater than 5% biodiesel (B5). Furthermore, some of palm oil remaining can be export aboard.
When considering ADEP 2012-2021 plan [8] , the target production of palm oil is 3.05×10
6 tones per year within 2021. However, the forecast production palm oil as indicated in Figure 5 can achieve this target since 2016. 
Determination of required oil palm planted areas
Planted areas should be recognized, because they relate with the production planning of palm oil. From the forecast production, we can estimate the required areas for planting oil palms as illustrated in Table 9 . We use the average yield of cultivation from OAE [3, 4, 6] which is 16.94 tones/ha. Oil Extraction Rate (OER) is accounted for 17% which is based on the report of Appalasamy [28] . The mature planted areas calculated by using forecast CPO production which divided by average yield of plantings and %OER of palm oil. The required areas are approximately 1.18×10 6 ha. Supporting this requirement, the areas for cultivating oil palm plant should be investigated. The report of National Statistical Office has indicated that the overall waste lands and miscellaneous lands in Thailand are 1.34x10 6 ha in 2011 [29] . The current areas of oil palm plantation are 0.69×10 6 ha (see Figure 3) . Therefore, the additional areas required for cultivating oil palm plants are approximately (1.18 -0.69) × 10 6 = 0.49×10 6 ha during 2012-2017. However, the remaining areas are higher than the required areas. It can be concluded that there are sufficient lands for reservation of cultivating oil palms. Furthermore, the ADEP 2012-2021 target also has been achieved before 2021. 
16.94 (2) 17 (3) 1.18 (4) (1) = Forecast data from Figure 4 .
Improving the productivity of oil palm plantation
According to Figure 3 , FFB prices are higher than total costs of plantings. It makes oil palm farming profitable in 2004-2012. However, in 2013, the situation of FFB prices is serious. The prices are falling down to $ 114.2 USD/ton [30] . If the total costs are still $ 97 USD/ton, the profit of oil palm plantation may fall down from $60 USD/ton to $17.2 USD/ton. According to Table 4 , the total cost in 2012 has been used to classify the cost structure of oil palm plantation. It is illustrated in Table 10 which indicates that the main cost is fertilizer cost. It is approximately $51.4 USD/ ton. For reducing this cost, these alternative methods have been proposed. 
Implementing Good Agricultural Practice (GAP)
Improving the plantation method for reducing variable cost, such as fertilizing management, implementing GAP (Good Agricultural Practice) is should be considered. It can improve productivity and reduce cost of planting. Some methods of GAP have been proposed as shown in Table 11 [32].
Environmental concern with RSPO standard
Considering the environmental protection, the expansion of oil palm planted areas has posed an environment threat. These impacts come from expanding oil palm's cultivation areas by the leading countries, Malaysia and Indonesia. They have changed their forests to cultivate oil palm plant instead. These lead the effect on deforestation, tropical biodiversity, and climate change of the environment [33, 34] . Many researchers have expressed and suggested the farmers who cultivate oil palm to comply with RSPO (Roundtable on Sustainable Palm Oil) for alleviating these problems [35, 36] . RSPO standard has been established since 2004 to promote the growth and use of sustainable oil palm products through credible global standards and engagement of stakeholders. It is a non-profit organization that unites stakeholders from seven sectors of the palm oil industry, oil palm farmers, palm oil processors or traders, consumer goods manufacturers, retailers, banks and investors, environmental or nature conservation (NGOs) and social or developmental (NGOs) to develop and implement global standards for sustainable palm oil [37] . Protecting biodiversity, preventing deforestation and greenhouse gas emission are the main focus of the RSPO standard. Non certified RSPO products could not export to EU in the future. As this, the farmers in Thailand who planting this oil crop should comply with RSPO standard. However, there are limitations of implementation this standard toward oil palm farmers. Most of them are smallholder farmers who have the limitations on lacking of budget, low education level, and negative farming attitude. Therefore, the Thai government should support the farmers i.e. providing budget for implementing RSPO, training the farmers by expert trainers for enhancing farmers' performance [38] . Implementing RSPO of palm oil plantation can help the farmers to enhance their productivity and increase oil yield or %OER. These results can increase the wealth in farmers and make the sustainable palm oil in Thailand as well. In the following section, conclusions and discussions the results will be summarized. Moreover, suggestions of future sustainable palm oil also have been proposed i.e. the arrangement of cultivation oil palm plants, for successfully implementing the ADEP 2012-2021 plan.
Conclusions and Discussions
In the previous section, the results show that the exponential growth model is the appropriate method for forecasting production and consumption palm oil in Thailand with the minimum errors of MAPE, MAE, and MSE. Considering Table 8 , the forecast production is higher than the forecast consumption by 23.69%. The remaining of palm oil is reserved as ending stock and export aboard. In addition, The Thai Government's biodiesel policy aims to promote biofuel production for reducing its dependency on oil imports and to capitalize on its supplies of feedstock from its agricultural production [39] . Biodiesel production in Thailand has been started in 2003 as depicted in Figure 6 [40] . It is gradually increased until 2011. The production of biodiesel is only accounted for 1.62 mil litres/day. When comparing with production of biodiesel in the world, Thailand's production is just only 3%. Therefore, the palm oil production, which is higher than the consumption, can be promoted to produce biodiesel with increasing the composition of palm oil in the biodiesel formula. However, the exponential growth model just has some advantages and disadvantages which indicated in Table 12 . As its disadvantages, the other model for forecasting future data should be employed in the future work such as regression model. The Thai government has encouraged the fuel producers to blend palm oil with diesel fuel and recently announced new mandates that will increase blending requirements to B7 (7 percent blend by volume of biodiesel in diesel fuel) in 2014 [41] . Currently, the formula of biodiesel in Thailand is just only B5 [42] . The program of using more palm oil for substitution in biodiesel should be sped up. Promoting sustainable of production palm oil in Thailand is the challenge task for the related sectors to make it successful.
In summary, implementing of RSPO and providing budget through smallholder farmers should be supported by the government. In addition, increasing yield (i.e. implementing RSPO standard, GAP, BMP management) and reducing variable cost of plantings oil palm (i.e. labour cost) are the important factors for the sustainable palm oil production in Thailand.
